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VARIABLE VALVE TIMING SYSTEM 

This application is based on and claims under 35 U. S. C. 
§119 With respect to Japanese Patent Application No. 2000 
137694 ?led on May 10, 2000, the entire content of Which 
is incorporated herein by reference. 

FIELD OF THE INVENTION 

This invention generally relates to variable valve timing 
systems. More particularly, the present invention pertains to 
a variable valve timing system for controlling the opening 
and closing time of an intake valve and an exhaust valve of 
a vehicle engine. 

BACKGROUND OF THE INVENTION 

KnoWn variable valve timing system is described in 
Japanese Patent Laid-Open Publication No. H09-264110. 
The disclosed variable valve timing system includes a 
housing member disposed in the driving force transmitting 
system for transmitting the driving force from a crankshaft 
of a combustion engine to a camshaft for controlling the 
opening and closing of either an intake valve or an eXhaust 
valve of the combustion engine. The housing member 
rotates in one unit With either the crankshaft or the camshaft. 
The variable valve timing system further includes a rotor 
member rotatably mounted to a shoe portion provided on the 
housing member. The rotor member forms an advanced 
angle chamber and a retarded angle chamber at a vane 
portion in the housing member and integrally rotates With 
either the camshaft or the crankshaft. The aforementioned 
knoWn variable valve timing system further includes a 
torsion spring for rotatably biasing the rotor member relative 
to the housing member, a stopper mechanism for de?ning 
the initial phase of the housing member and the rotor 
member, a lock mechanism for restricting relative rotation 
betWeen the housing member and the rotor member at the 
initial phase, and a hydraulic pressure circuit for controlling 
supply and discharge of the operation ?uid for the advanced 
angle chamber and the retarded angle chamber as Well as for 
controlling supply and discharge of the operation ?uid from 
the lock mechanism. 

With respect to the variable valve timing system disclosed 
in the prior art, the hydraulic pressure control condition of 
the hydraulic pressure circuit is promptly sWitched from the 
initial hydraulic pressure control condition in Which the 
rotor is maintained at the initial phase so as to lock the 
relative rotation betWeen the housing member and the rotor 
member by the lock mechanism a condition in Which the 
lock mechanism is released so as to shift the phase to the 
target advanced angle value. In the foregoing structure, 
before the lock mechanism is released by the operation ?uid 
supplied from the hydraulic pressure circuit, the retract 
movement of the lock mechanism from the locked position 
to the unlocked position may be disturbed due to the large 
sliding resistance of a lock member, such as a lock pin, of the 
lock mechanism Which is caught betWeen the rotor member 
and the housing member accompanying to the relative 
rotation therebetWeen by the rotational force of the torsion 
spring. The lock pin restricts relative rotation betWeen the 
rotor member and the housing member by engaging With 
both of them at a locked position and alloWs relative rotation 
of the rotor member and the housing member by retracting 
one of them at the unlocked position. 

SUMMARY OF THE INVENTION 

In light of the foregoing, the present invention provides a 
variable valve timing system for advancing and retarding 
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2 
valve timing of intake and exhaust valves of a combustion 
engine. The variable valve timing system is programmed to 
control a hydraulic pressure control condition of a hydraulic 
pressure circuit in the system. The hydraulic pressure control 
condition is shifted from an initial hydraulic pressure control 
condition in Which a rotor is maintained at an initial phase 
and locked by a lock mechanism, to a phase shiftable 
hydraulic pressure control condition in Which a volume of 
either an advanced or retarded angle chamber is varied to 
reach a target angle via a transitional hydraulic pressure 
condition in Which the rotor is maintained at the initial phase 
and the lock mechanism is released. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The foregoing and additional features and characteristics 
of the present invention Will become more apparent from the 
folloWing detailed description considered With reference to 
the accompanying s in Which like reference numerals des 
ignate like elements and Wherein: 

FIG. 1 is a schematic vieW of a variable valve timing 
system according to the present invention; 

FIG. 2 is a cross sectional vieW of FIG. 1 taken on line; 

FIG. 3 is a cross-sectional vieW of a hydraulic pressure 
controlling valve under a ?rst energiZation condition; 

FIG. 4 is a cross-sectional vieW of the hydraulic pressure 
controlling valve shoWn in FIG. 1 under a second energi 
Zation condition; 

FIG. 5 is a cross-sectional vieW of the hydraulic pressure 
controlling valve shoWn in FIG. 1 under a fourth energiZa 
tion condition; 

FIG. 6 is a cross-sectional vieW of the hydraulic pressure 
controlling valve shoWn in FIG. 1 under a ?fth energiZation 
condition; and 

FIG. 7 is a diagram illustrating the operation pattern 
during the phase shift from the initial phase to the target 
advanced angle value. 

DETAILED DESCRIPTION OF THE 
INVENTION 

An embodiment of a variable valve timing system for an 
internal combustion engine in accordance With the present 
invention is described beloW With reference to FIGS. 1—7. 
Referring to FIGS. 1—7, the variable valve timing system 
includes a rotor member 20 assembled as one unit With the 
aXial end of a camshaft 10 and a housing member 30 
supported by the rotor member 20 and rotatable Within a 
predetermined range. The variable valve timing system also 
includes a torsion spring S disposed betWeen the housing 
member 30 and the rotor member 20, a ?rst and a second 
stopper mechanisms A1, A2 for restricting the most retarded 
angle phase (i.e., an initial phase) and the most advanced 
angle phase of the housing member 30 and the rotor member 
20 respectively, and a lock mechanism B for restricting 
relative rotation of the housing member 30 and the rotor 
member 20 at the most retarded angle phase. The variable 
valve timing system further includes a hydraulic pressure 
circuit C for controlling supply and discharge of the opera 
tion ?uid to the lock mechanism B as Well as for controlling 
supply and discharge of the operation ?uid to an advanced 
angle chamber R1 and a retarded angle chamber R2. 
The camshaft 10 having a knoWn cam pro?le (not shoWn) 

for controlling the opening and closing of an intake valve 
(not shoWn) is rotatably supported by a cylinder head 40 of 
the combustion engine. The camshaft 10 includes an 
advanced angle passage 11 and a retarded angle passage 12 
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extended in axial direction of the camshaft 10. The advanced 
angle passage 11 is connected to a ?rst connecting port 101 
of a hydraulic pressure controlling valve 100 via a ?rst 
passage 13 formed in radial direction, a ?rst annular passage 
14, and a ?rst connecting passage P1. The retarded angle 
passage 12 is connected to a second connecting port 102 of 
the hydraulic pressure controlling valve 100 via a second 
passage 15 formed in radial direction, a second annular 
passage 16, and a second connecting passage P2. The ?rst 
and second passages 13, 15 formed in radial direction and 
the second annular passage 16 are formed on the cam shaft 
10. The ?rst annular passage 14 is formed betWeen the 
camshaft 10 and a stepped portion of the cylinder head 40. 

The rotor member 20 includes a main rotor 21 and a front 
rotor 22 having a cylindrical shape With stepped portion 
assembled as one unit on the front (i.e., left side of FIG. 1) 
of the main rotor 21. The rotor member 20 is attached to the 
front end of the camshaft 10 as one unit by a bolt 50. The 
central inner bores of the main rotor 21 and the front rotor 
22 Whose front end is closed by a head portion of the bolt 50 
communicates With the advanced angle passage 11 provided 
on the camshaft 10. 

The main rotor 21 includes an inner bore 21a coaXially 
assembled With the front rotor 22 and four vane grooves 21b 
for receiving four vanes 23 respectively and a spring 24 for 
biasing the vanes 23 in radially outWard direction The vanes 
23 are assembled in the vane grooves 21b respectively and 
eXtended in radially outWard direction so as to form the 
advanced angle chambers R1 and the retarded angle cham 
bers R2 respectively in the housing member 30. The main 
rotor 21 includes four third passages 21c in radial direction 
Which are in communication With the advanced angle pas 
sage 11 at the radial inner end via the central inner bores and 
in communication With the advanced angle chamber R1 at 
the radial outer end. The main rotor 21 also includes four 
passages 21a' in aXial direction Which are in communication 
With the retarded angle passage 12. The main rotor 21 further 
includes four fourth passages 216 in radial direction Which 
are in communication With the respective passages 21d at 
the inner end in radial direction, and in communication With 
the retarded angle chamber R2 at the outer end in radial 
direction. 

The housing member 30 includes a housing body 31, a 
front plate 32, a rear thin plate 33, and ?ve bolts 34 (shoWn 
in FIG. 2) connecting the housing member as one unit. The 
housing body 31 is disposed With a sprocket 31a on the outer 
rear periphery as one unit. The sprocket 31a is connected to 
the crankshaft (not shoWn) of the combustion engine via a 
timing chain (not shoWn) and rotates clockWise by the 
driving force transmitted from the crankshaft. 

The housing body 31 (projecting in radially inWard direc 
tion rotatably supports the main rotor 21 by its respective 
radial inner ends of four shoe portions 31b). The opposing 
end face of the front plate 32 and the rear thin plate 33 
slidably contact the aXial end face of the main rotor 21 and 
the aXial end face of the respective vanes 23. 

The housing body 31 has a lug 31c (shoWn as solid line 
in FIG. 2) structuring the ?rst stopper mechanism A1 for 
de?ning the most retarded angle phase (i.e., initial phase) 
With the vanes 23 and a lug 31d (shoWn as imaginary line in 
FIG. 2) structuring the second stopper mechanism A2 for 
restricting the most advanced angle phase With the vanes 28. 
The housing body 31 is also provided With an attaching bore 
316 for receiving a lock pin 61, a lock spring 62, and a 
retainer 63 structuring the lock mechanism B. The attaching 
bore 316 penetrates into the housing body 31 in radial 
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4 
direction and can accommodate the lock pin 62 retractable 
in radially outWard direction. 
The lock pin 61 is formed in cylindrical shape With a 

bottom at one end. The radial inner tip portion of the lock pin 
61 is detachably supported by a lock hole 21f formed on the 
main rotor 21. By supplying the operation ?uid to the lock 
hole 21f, the lock pin 61 moves in radially outWard direction 
by overcoming the biasing force (predetermined as a small 
value) of the lock spring 62 so that the lock spring 62 is 
retracted and accommodated in the attaching bore 316. As 
shoWn in FIG. 2, the lock hole 21f communicates With the 
passage 21c in radial direction. And the lock hole 21f is 
provided on the main rotor 21 via a ?rst passage 21g in 
peripheral direction on the outer peripheral portion of the 
main rotor 21 and via a second passage 31f in peripheral 
direction on the inner peripheral portion of the housing body 
31. 

The torsion spring S disposed betWeen the housing mem 
ber 30 and the rotor member 20 rotates the rotor member 20 
toWards the advanced angle side relative to the housing 
member 30. The biasing force of the torsion spring S is 
predetermined to be the eXtent of value for canceling the 
biasing force (i.e., derived from the spring biasing the intake 
valve in the closing direction) for the camshaft 10 and the 
rotor member 20 rotating toWards the retarded angle side. 
Thus, good response is obtained When the rotor member 20 
rotates relatively to the housing member 30 to the advanced 
angle. 
The hydraulic pressure controlling valve 100 shoWn in 

FIG. 1 forms the hydraulic pressure circuit C With an oil 
pump 110 actuated by the combustion engine and an oil 
reservoir 120 of the combustion engine. A spool 104 of the 
hydraulic pressure controlling valve 100 is moved in the left 
direction as shoWn in FIG. 1 against the force of a spring 105 
by the energiZation of a solenoid 103 When an output signal 
is received from an energiZation controlling device 200. By 
a varying duty value, such as the current value supplied to 
the solenoid 103, the variable valve timing system operates 
Within the energiZation range from (D to ® in FIG. 7. The 
energiZation controlling device 200 controls the output (i.e., 
duty value) in accordance With the operation condition of the 
internal combustion by either a predetermined controlling 
pattern and or a signal from any one of the sensors for 
detecting crank angle, cam angle, throttle opening degree, 
engine rpm, temperature of the engine cooling Water, and 
vehicle speed. 
When the hydraulic pressure controlling valve 100 is 

operated under a ?rst energiZation range (i.e., (D of FIG. 7), 
as shoWn in FIG. 3, the communication betWeen a supply 
port 106 connected to an outlet opening of the oil pump 110 
so that the second connecting port is established, and the 
communication betWeen the ?rst connecting port 101 and a 
discharge port 107 connected to the oil reservoir 120 is 
established. Thus, the operation ?uid is supplied from the 
supply port 106 to the second connecting port 102 as Well as 
discharged from the ?rst connecting port 101 to the dis 
charge port 107. Accordingly, the operation ?uid is supplied 
from the oil pump 110 to the retarded angle passage 12 and 
the operation ?uid is discharged from the advanced angle 
passage 11 to the oil reservoir 120. A part of the operation 
?uid supplied from the oil pump 110 to the retarded angle 
passage 12 leaks to the oil reservoir 120 via gap of each 
member (e.g., the gap betWeen the relatively rotating rotor 
member 20 and the housing member 30). 
When the hydraulic pressure controlling valve 100 is 

operated under a second energiZation range (i.e., @ of FIG. 
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7), as shown in FIG. 4, the supply port 106 communicates 
With the second connecting port 102 and. the communica 
tion betWeen the ?rst connecting port 101 and the discharge 
port 107 is blocked. The operation ?uid is supplied from the 
supply port 106 to the second connecting port 102 via a 
passage throttled due to the movement of the spool 104. A 
small amount of the operation ?uid is supplied from the 
supply port 106 to the ?rst connecting port 101 via the outer 
peripheral gap of the spool 104. Accordingly, the operation 
?uid is supplied from the oil pump 110 to the retarded angle 
passage 12 and to the advanced angle passage 11. Apart of 
the operation ?uid supplied from the oil pump 110 to the 
retarded angle passage 12 and the advanced angle passage 
11 leaks to the oil reservoir 120 via the gap of each member 
(e.g., the gap betWeen the relatively rotating rot member 20 
and the housing member 30). 
When the hydraulic pressure controlling valve 100 is 

operated under a third energiZation range (i.e., @ of FIG. 7), 
the communication betWeen the supply port 106 and the ?rst 
and the second connecting ports 101, 102 is blocked as Well 
as the communication betWeen the discharge port 107 and 
the ?rst and the second connecting ports 101, 102 is blocked 
(not shoWn). Thus, small amount of the operation ?uid is 
supplied from the supply port 106 to the ?rst and the second 
connecting ports 101, 102 respectively via the outer periph 
eral gap of the spool 104. Accordingly, the operation ?uid is 
supplied from the oil pump 110 to the retarded angle passage 
12 and to the advanced angle passage 11. A part of the 
operation ?uid supplied from the oil pump 110 to the 
retarded angle passage 12 and to the advanced angle passage 
11 leaks to the oil reservoir 120 via a gap betWeen the 
members (e.g., the gap betWeen the relatively rotating rotor 
member 20 and the housing member 30). 
When the hydraulic pressure controlling valve 100 is 

operated under a fourth energiZing range (i.e., @ of FIG. 7), 
as shoWn in FIG. 5, the supply port 106 communicates With 
the ?rst connecting port 101 and the communication 
betWeen the second connecting port 102 and the discharge 
port 107 is blocked. Thus, the operation ?uid is supplied 
from the supply port 106 to the ?rst connecting port 101 via 
a passage throttled due to the movement of the spool 104 and 
small amount of the operation ?uid is supplied from the 
supply port 106 to the second connecting port 102 via the 
outer peripheral gap of the spool 104. Accordingly, the 
operation ?uid is supplied from the oil pump 110 to the 
retarded angle passage 12 and to the advanced angle passage 
11. A portion of the operation ?uid supplied from the oil 
pump 110 to the retarded angle passage 12 and to the 
advanced angle passage 11 leaks to the oil reservoir 120 via 
the gap betWeen the members (e.g., the gap betWeen the 
relatively rotating rotor member 20 and the housing member 
30). 28 
When the hydraulic pressure controlling valve 100 is 

operated under a ?fth energiZation range (i.e., @ of FIG. 7), 
as shoWn in FIG. 6, the supply port 106 communicates With 
the ?rst connecting port 101 and the second connecting port 
102 communicates With the discharge port 107. Thus, the 
operation ?uid is supplied from the supply port 106 to the 
?rst connecting port 101 and is discharged from the second 
connecting port 102 to the discharge port 107. Accordingly, 
the operation ?uid is supplied from the oil pump 110 to the 
advanced angle passage 11, and the operation ?uid is dis 
charged from the retarded angle passage 12 to the oil 
reservoir 120. Aportion of the operation ?uid supplied from 
the oil pump 110 to the advanced angle passage 11 leaks to 
the oil reservoir 120 via the gap betWeen the members (e.g., 
the gap betWeen the relatively rotating rotor member 20 and 
the housing member 30). 
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In one embodiment of the variable valve timing system of 

the present invention, When the phase is varied from the 
initial phase to the target advanced angle value as shoWn in 
FIG. 2, the energiZation of the hydraulic pressure controlling 
valve 100 to the solenoid 103 by the energiZation controlling 
device 200 is controlled according to a predetermined con 
trol pattern shoWn in FIG. 7. The hydraulic pressure control 
condition of the hydraulic pressure circuit C is predeter 
mined to vary from the initial hydraulic pressure control 
condition (hereinafter “a ?rst hydraulic pressure control 
condition”; i.e., the condition the hydraulic pressure con 
trolling valve 10 is operated under the ?rst energiZation 
range shoWn in FIG. 3, When the duty value corresponds to 
0 percent, the rotor is maintained at the initial phase, and 
relative rotation is locked by the lock mechanism) to the 
transitional hydraulic pressure control condition (hereinafter 
“a second hydraulic pressure control condition”) in Which 
the hydraulic pressure controlling valve 100 is operated 
under the second energiZation range as shoWn in FIG. 4 for 
a predetermined time t1 (i.e., time approximately several 
milli seconds), and then to the hydraulic pressure control 
condition in Which the phase is varied to the target angle 
value (the phase shiftable hydraulic pressure control 
condition, hereinafter called “a third hydraulic pressure 
control condition”) in Which the hydraulic pressure control 
ling valve 100 is operated under the range from the ?fth to 
the third energiZation range. 

Under the ?rst hydraulic pressure control condition, the 
operation ?uid is supplied from the oil pump 110 to the 
retarded angle passage 12, and is discharged from the 
advanced angle passage 11 to the oil reservoir 120. Thus, the 
rotor member 20 is maintained at the initial phase relative to 
the housing member 30 by the hydraulic pressure of the 
operation ?uid supplied to the retarded angle chamber R2 
via the retarded angle passage 12. The lock pin 61 of the lock 
mechanism B is received in the lock hole 21f by the lock 
spring 62. 

Under the second hydraulic pressure control condition the 
operation ?uid is supplied from the oil pump 110 to the 
advanced angle passage 11 and to the retarded angle passage 
12. Thus, the hydraulic pressure in the advanced angle 
chamber R1 and the lock hole 21f is gradually increased by 
the operation ?uid supplied to the advanced angle chamber 
R1 and to the lock hole 21f via the advanced angle passage 
11 While the hydraulic pressure in the retarded angle cham 
ber R2 being maintained at high level by the operation ?uid 
supplied to the retarded angle chamber R2 via the retarded 
angle passage 12. 
The condition in Which the rotational torque toWards the 

retarded angle side generated by the hydraulic pressure in 
the retarded angle chamber R2 is equal to or greater than the 
sum of the rotational torque toWards the advanced angle side 
generated by the hydraulic pressure in the advanced angle 
chamber R1 and the rotational torque toWards the advanced 
angle side by the torsion spring S. The condition is main 
tained during a time equal to or longer than the predeter 
mined time t1. In other Words, the rotational force of the 
torsion spring S is canceled by the hydraulic pressure of the 
operation ?uid supplied from the hydraulic pressure circuit 
C to the advanced angle chamber R1 and to the retarded 
angle chamber R2. Thus, the rotor member 20 is supported 
at the initial phase relative to the housing member 30. The 
lock pin 61 of the lock mechanism B is also moved against 
spring force of the lock spring 62 Which is to be retracted by 
the operation ?uid supplied to the lock hole 21f via the 
advanced angle passage 11. 
Under the third hydraulic pressure control condition in 

Which the phase is varied to the target advanced angle value, 
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the energiZation to the solenoid 103 is varied from the ?fth 
energiZation range to the third energiZation range via 
the fourth energiZation range during a predetermined time t2 
(i.e., time approximately 200 milli seconds) as shoWn in 
FIG. 7. Thus, the actual advanced angle value is gradually 
varied from the retarded angle to the target advanced angle 
value as shoWn in FIG. 7. 

According to another embodiment of the variable valve 
timing system of the present invention, the relative rotation 
betWeen the rotor member 20 and housing member 30 is 
adjusted and maintained at a desired phase Within the range 
from the most retarded angle phase (i.e., the phase in Which 
the volume of the advanced angle chamber R1 is minimum 
and the volume of the retarded angle chamber R2 is 
maximum) to the most advanced angle phase (i.e., the phase 
in Which the volume of the advanced angle chamber R1 is 
maximum and the volume of the retarded angle chamber R2 
is minimum). Thus, the valve timing of the intake valve 
during the drive of the combustion engine is appropriately 
adjusted betWeen the operation at the most retarded angle 
control condition and the most advanced angle control 
condition. 

In another embodiment of the variable valve timing 
system of the present invention, during the phase being 
varied from the initial phase (the most retarded angle phase) 
to the target advanced angle value, the hydraulic pressure 
control condition of the hydraulic pressure circuit C is varied 
from the ?rst hydraulic pressure control condition to the 
second hydraulic pressure control condition, and then to the 
third hydraulic pressure control condition. Thus, the lock 
mechanism B is gradually unlocked by the operation ?uid 
supplied from the hydraulic pressure circuit C to the lock 
hole 21f While the housing member 30 and the rotor member 
20 are maintained at the initial phase by the operation of the 
stopper mechanism A1 and the control of the hydraulic 
pressure circuit C (i.e., the condition in Which the rotational 
force of the torsion spring S is canceled by the hydraulic 
pressure of the operation ?uid supplied from the hydraulic 
pressure circuit C to the advanced angle chamber R1 and to 
the retarded angle chamber R2) during the predetermined 
time t1. 
When the housing member 30 and the rotor member 20 

are maintained at the initial phase by the operation of the 
stopper mechanism A1 and the control of the hydraulic 
pressure circuit C, the lock pin 61 of the lock mechanism B 
moves betWeen the locked position and the unlocked posi 
tion With almost no sliding resistance. Accordingly, the lock 
pin 61 of the lock mechanism B promptly moves from the 
locked position to the unlocked position in the predeter 
mined time t1 so as to be accurately retracted Without being 
caught betWeen the rotor member 20 and the housing 
member 30. 

The predetermined time t1 is shorter than a time required 
for the lock pin 61 of the lock mechanism B moved from the 
locked position to the unlocked position (i.e., approximately 
10 milli seconds) during the predetermined time t1 by the 
hydraulic pressure of the operation ?uid supplied from the 
hydraulic pressure circuit C to the lock hole 21f 
(approximately milli second -2 milli seconds). 

In this case, although the lock pin 61 of the lock mecha 
nism B is almost caught betWeen the rotor member 20 and 
the housing member 30 by the rotational force of the torsion 
spring S, the lock pin 61 has started moving toWards the 
unlocked position. Moreover, since the appropriate clear 
ance is provided betWeen the lock hole 21f and the lock pin 
61, the lock pin 61 retracts to the unlocked position before 
being caught betWeen the rotor member 20 and the housing 
member 30. 
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As forgoing, according to one embodiment of the variable 

valve timing system of the present invention, the housing 
member 30 rotates as one unit With the crankshaft and the 
rotor member 20 rotates as one unit With the camshaft 10. In 
another embodiment, the housing member rotates in one unit 
With the camshaft and the rotor member rotates as one unit 
With the crankshaft. Alternatively, the vane is formed as one 
unit With the rotor body. 

Although the present invention is applied to a variable 
valve timing system mounted on a camshaft for controlling 
the opening and closing of an intake valve, the present 
invention is applied to a variable valve timing system 
mounted on the camshaft for controlling the opening and 
closing of an exhaust valve, in Which the most advanced 
angle phase of the rotor member relative to the housing 
member de?nes the initial phase. 

In one embodiment of the variable valve timing system of 
the present invention, the second hydraulic pressure condi 
tion is obtained by operating the hydraulic pressure control 
valve 100 under the second energiZation range for a prede 
termined time t1 during the phase shift from the initial phase 
to the target advanced angle value. Alternatively, the second 
hydraulic pressure control condition is obtained by operating 
the hydraulic pressure controlling valve 100 under the fourth 
energiZation range and under the third energiZation range for 
the predetermined time t1. In those cases, the operation ?uid 
is supplied from the pump 110 to the retarded angle passage 
12 and to the advanced angle passage 11. 

In another embodiment of the variable valve timing 
system of the present invention (regardless of the tempera 
ture of the operation ?uid ?oWing in the hydraulic pressure 
circuit C the same operation is obtained). The variable valve 
timing of the present invention is applied to adjust the 
predetermined time t1 (shoWn in FIG. 7) of the control 
pattern to the appropriate value, including Zero, in accor 
dance With the temperature of the operation ?uid by directly 
or indirectly detecting the temperature of the operation ?uid 
?oWing in the hydraulic pressure circuit C. It is preferred to 
set the predetermined time t1 as short as possible because the 
predetermined time t1 prolongs the total time for phase shift 
from the initial phase to the target advanced angle value. 
The principles, preferred embodiments and modes of 

operation of the present invention have been described in the 
foregoing speci?cation. HoWever, the invention Which is 
intended to be protected is not limited to the particular 
embodiments disclosed. The embodiments described herein 
are illustrative rather than restrictive. Variations and changes 
may be made by others, and equivalents employed, Without 
departing from the spirit of the present invention. 
Accordingly, it is expressly intended that all such variations, 
changes and equivalents Which fall Within the spirit and 
scope of the present invention as de?ned in the claims, be 
embraced thereby. 
What is claimed is: 
1. A variable valve timing system for advancing and 

retarding a valve timing of intake and exhaust valves of a 
combustion engine, the system being programmed to control 
a hydraulic pressure control condition of a hydraulic pres 
sure circuit in the system to shift from an initial hydraulic 
pressure control condition in Which a rotor is maintained at 
an initial volume and locked by a lock mechanism to a 
volume shiftable hydraulic pressure control condition in 
Which a volume of an advanced angle chamber is varied to 
reach a target advanced angle value via a transitional 
hydraulic pressure condition in Which the rotor is maintained 
at the initial volume and the lock mechanism is released, 

Wherein the hydraulic pressure supplied to the lock 
mechanism and in the advanced angle chamber is 
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controlled to be gradually increased While the hydraulic 
pressure in a retarded angle chamber is maintained at 
high level during the transitional hydraulic pressure 
control condition. 

2. The variable valve timing system according to claim 1, 
Wherein a rotational torque toWards a retarded angle side 
generated by the hydraulic pressure in the retarded angle 
chamber is controlled to be either equal to or greater than the 
sum of a rotational torque toWards an advanced angle side 
generated by the hydraulic pressure in the advanced angle 
chamber and a rotational torque toWards the advanced angle 
side generated by a torsion spring. 

3. The variable valve timing system according to claim 2, 
Wherein the system is programmed to control the operation 
?uid to be supplied to the retarded angle chamber and the 
advanced angle chamber during the transitional hydraulic 
pressure control condition. 

4. The variable valve timing system according to claim 2, 
Wherein said toWards an advanced angle side is in a clock 
Wise direction relatively to an aXis of the relative rotation 
betWeen the rotor member and the housing member, and said 
toWards a retarded angle side is in a counter-clockWise 
direction relatively to the aXis of the relative rotation. 

5. A variable valve timing system for advancing and 
retarding a valve timing of intake and eXhaust valves of a 
combustion engine, the system being programmed to control 
a hydraulic pressure control condition of a hydraulic pres 
sure circuit in the system to shift from an initial hydraulic 
pressure control condition in Which a rotor is maintained at 
an initial phase and locked by a lock mechanism to a phase 
shiftable hydraulic pressure control condition in Which a 
volume of a retarded angle chamber is varied to reach a 
target retarded angle value via a transitional hydraulic pres 
sure condition in Which the rotor is maintained at the initial 
phase and the lock mechanism is released, 

Wherein the hydraulic pressure supplied to the lock 
mechanism and in the retarded angle chamber is con 
trolled to gradually increase While the hydraulic pres 
sure in an advanced angle chamber is maintained at 
high level during the transitional hydraulic pressure 
control condition. 

6. The variable valve timing system according to claim 5, 
Wherein a rotational torque toWards a retarded angle side 
generated by the hydraulic pressure in the retarded angle 
chamber is controlled to be either equal to or greater than the 
sum of a rotational torque toWards an advanced angle side 
generated by the hydraulic pressure in the advanced angle 
chamber and a rotational torque toWards the advanced angle 
side generated by a torsion spring. 

7. The variable valve timing system according to claim 6, 
Wherein the system is programmed to control the operation 
?uid to be supplied to the retarded angle chamber and the 
advanced angle chamber during the transitional hydraulic 
pressure control condition. 

8. The variable valve timing system according to claim 6, 
Wherein said toWards an advanced angle side is in a clock 
Wise direction relatively to an aXis of the relative rotation 
betWeen the rotor member and the housing member, and said 
toWards a retarded angle side is in a counter-clockWise 
direction relatively to the aXis of the relative rotation. 

9. A variable valve timing system, comprising: 
a housing member provided in the driving force trans 

mitting system for transmitting the driving force from 
a crankshaft of a combustion engine to a camshaft for 
controlling the opening and closing of either one of an 
intake valve or a eXhaust valve of the combustion 
engine; 
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10 
a rotor member relatively rotatably mounted into the 

housing member and forming an advanced angle cham 
ber and a retarded angle chamber at a vane portion in 
the housing member, said rotor member rotating as one 
unit With either the camshaft or the crankshaft; 

a torsion spring disposed betWeen the housing member 
and the rotor member rotatably biasing the rotor mem 
ber relative to the housing member; 

a lock mechanism for restricting relative rotation betWeen 
the housing member and the rotor member at the initial 
volume of the relative rotation; 

a hydraulic pressure circuit for controlling supply and 
discharge of operation ?uid to the advanced angle 
chamber and the retarded angle chamber and for con 
trolling supply and discharge the operation ?uid to the 
lock mechanism; and 

an energiZation controlling device for controlling the 
hydraulic pressure control condition of the hydraulic 
pressure circuit When a volume of either the advanced 
angle chamber or the retarded angle chamber shifts 
from an initial volume to a target volume, 
Wherein the hydraulic pressure control condition of the 

hydraulic pressure circuit is shifted from an initial 
hydraulic pressure control condition in Which the 
volume is maintained at the initial volume and 
locked by the lock mechanism to a transitional 
hydraulic pressure control condition in Which the 
volume is maintained at the initial volume and the 
lock mechanism is released in a predetermined time, 
and to reach a volume shiftable hydraulic pressure 
control condition in Which the volume is being 
varied to the target volume, 

Wherein the hydraulic pressure supplied to the lock 
mechanism and in the advanced angle chamber is 
gradually increased While the hydraulic pressure in 
the retarded angle chamber is maintained at high 
level during the transitional hydraulic pressure con 
trol condition. 

10. The variable valve timing system according to claim 
9, Wherein a rotational torque toWards a retarded angle side 
generated by the hydraulic pressure in the retarded angle 
chamber is either equal to or greater than the sum of a 
rotational torque toWards an advanced angle side generated 
by the hydraulic pressure in the advanced angle chamber and 
a rotational torque toWards the advanced angle side gener 
ated by a torsion spring. 

11. The variable valve timing system according to claim 
10, Wherein said toWards an advanced angle side is in a 
clockWise direction relatively to an aXis of the relative 
rotation betWeen the rotor member and the housing member, 
and said toWards a retarded angle side is in a counter 
clockWise direction relatively to the aXis of the relative 
rotation. 

12. A variable valve timing system, comprising: 
a housing member provided in the driving force trans 

mitting system for transmitting the driving force from 
a crankshaft of a combustion engine to a camshaft for 
controlling the opening and closing of either one of an 
intake valve or a eXhaust valve of the combustion 
engine; 

a rotor member relatively rotatably mounted into the 
housing member and forming an advanced angle cham 
ber and a retarded angle chamber at a vane portion in 
the housing member, said rotor member rotating as one 
unit With either the camshaft or the crankshaft; 

a torsion spring disposed betWeen the housing member 
and the rotor member rotatably biasing the rotor mem 
ber relative to the housing member; 
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a lock mechanism for restricting relative rotation betWeen 
the housing member and the rotor member at the initial 
volume of the relative rotation; 

a hydraulic pressure circuit for controlling supply and 
discharge of operation ?uid to the advanced angle 
chamber and the retarded angle chamber and for con 
trolling supply and discharge the operation ?uid to the 
lock mechanism; and 

an energiZation controlling device for controlling the 
hydraulic pressure control condition of the hydraulic 
pressure circuit When a volume of either the advanced 
angle chamber or the retarded angle chamber shifts 
from an initial volume to a target volume, 
Wherein the hydraulic pressure control condition of the 

hydraulic pressure circuit is shifted from an initial 
hydraulic pressure control condition in Which the 
volume is maintained at the initial volume and 
locked by the lock mechanism to a transitional 
hydraulic pressure control condition in Which the 
volume is maintained at the initial volume and the 
lock mechanism is released in a predetermined time, 
and to reach a volume shiftable hydraulic pressure 
control condition in Which the volume is being 
varied to the target volume, 
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Wherein the hydraulic pressure supplied to the lock 

mechanism and in the retarded angle chamber is 
gradually increased While the hydraulic pressure in 
the advanced angle chamber is maintained at high 
level during the transitional hydraulic pressure con 
trol condition. 

13. The variable valve timing system according to claim 
12, Wherein a rotational torque toWards a advanced angle 
side generated by the hydraulic pressure in an advanced 
angle chamber is either equal to or greater than the subtract 
of a rotational torque toWards the retarded angle side gen 
erated by the hydraulic pressure in the retarded angle 
chamber and a rotational torque toWards the advanced angle 
side generated by a torsion spring. 

14. The variable valve timing system according to claim 
13, Wherein said toWards an advanced angle side is in a 
clockWise direction relatively to an aXis of the relative 
rotation betWeen the rotor member and the housing member, 
and said toWards a retarded angle side is in a counter 
clockWise direction relatively to the aXis of the relative 
rotation. 


